ABSTRACT
P
OSTOPERATIVE pain control is an important aspect of adequate postoperative patient care, and there is ample evidence that effective postoperative pain management reduces patient morbidity and improves patient outcome.
1,2 Perioperative continuous thoracic epidural analgesia for major surgery has positive effects on the quality of analgesia and pulmonary function as well as return of bowel function and catabolism, all of which may translate into reduced morbidity and mortality. [1] [2] [3] [4] [5] [6] [7] [8] Inadequate postoperative pain relief can delay recovery, prolong hospital stay, and boost medical costs. 9 Patients undergoing scoliosis surgery suffer from severe postoperative pain and restrictive respiratory disease. The insertion of a thoracic epidural catheter (TEC) has postoperative benefits with respect to analgesia, physiotherapy, and mobilization because intravenous analgesia is often unsatisfactory. 10 Several authors have reported significantly better pain relief from continuous thoracic epidural analgesia compared with intravenous analgesia after scoliosis surgery. 11, 12 In most of these studies, the surgeon placed the TEC intraoperatively under direct vision during posterior scoliosis surgery. Intraoperative TEC placement by the surgeon during anterior scoliosis surgery is also possible, but it is considered more difficult and traumatic and is limited to those cases where rib head resection allows visualization of the transverse foramen and longitudinal posterior ligament. 13 A seldom used but possibly less traumatic alternative in anterior scoliosis surgery is preoperative insertion of the TEC by the anesthesiologist. The potential benefits are recognized, but preoperative placement is considered challenging and potentially risky, especially in inexperienced hands. In the scoliotic spine, the vertebral bodies are rotated in the axial plane, with their spinous processes facing into the concavity of the curve ( fig. 1 ). Percutaneous catheter insertion requires modification of the standard paramedian approach to the epidural space. A magnetic resonance imaging study examining 307 vertebrae in patients with thoracic scoliosis with an average Cobb angle of 66°( range, 50 -108°) found that the mean width of the epidural space was less than 1 mm on the concave side at the thoracic apical vertebral level and 1 mm at the lumbar level.
14 However, on the convex side, the horizontal width of the epidural space measured between 3 and 5 mm. A shift of the dural sac toward the concavity resulted in the width of the epidural space on the concave side being significantly less than that on the convex side at nearly all vertebral levels. The amount of dural sac shift diminished farther away from the apex vertebra toward the neutral vertebral levels, leaving symmetrical epidural spaces at the neutral level. 14, 15 To determine the optimal approach for preoperative TEC placement, the anesthesiologist must be able to identify the anatomic variations along the scoliotic portion of the spinal column.
The study aim, based on the findings of previous magnetic resonance imaging, was to determine the feasibility of a modified paramedian approach to the epidural space in patients with idiopathic scoliosis, placing the epidural catheter at the apex of the scoliosis or as close to the apex as possible. The efficacy and complications associated with the technique were recorded in an attempt to determine the feasibility and potential risks in these patients.
Materials and Methods

Patient Selection
An approval from the University of Muenster Ethics Committee (Muenster, Germany) was obtained, and written consent was received from the patients or their parents or legal guardian. Patients with left-sided thoracolumbar and rightsided thoracic scoliosis, who underwent anterior scoliosis surgery in one of our two spinal surgery centers (University Hospital of Muenster or St. Franziskus Hospital Muenster), were included in the study.
Patients received oral midazolam (0.3 mg/kg up to a total of 7 mg) as premedication and were placed-according to the anesthesiologist's preference-either in a sitting position or fully anesthetized in a lateral position (with the convex side of the scoliosis facing upward) for catheter placement.
Because the epidural space is wider on the convex side, we aimed for the epidural space on that side near the level of the apex vertebra, taking into account the necessary needle realignment toward the convex side because of the scoliotic-induced rotation of the vertebrae (figs. 1 and 2). Using this modified paramedian approach, loss of resistance to saline was used to identify the epidural space, and a TEC was inserted at the level of the apex vertebra and advanced 4 cm into the epidural space. All catheters were tunneled subcutaneously and secured.
Induction of anesthesia was achieved with propofol, sufentanil or fentanyl, and rocuronium or cis-atracurium. Maintenance of anesthesia was with sevoflurane or desflurane in oxygen/air and sufentanil or fentanyl. A first dose of intravenous acetaminophen (15 mg/kg) was given to all patients toward the end of the procedure.
Postoperative Care
To allow intraoperative and postoperative direct neurologic monitoring, a continuous epidural infusion was commenced only postoperatively after neurologic testing by the surgeon. A bolus of 5-10 ml plain bupivacaine (0.25%) was followed by patient-controlled epidural analgesia using a continuous infusion of 0.175% bupivacaine plus 0.75 g/ml sufentanil at 3-5 ml/h (for patients Ͼ30 kg body weight). Weight-adjusted and time-restricted boluses on demand (1-3 ml every 20 min) were allowed. Oral acetaminophen (20 mg/kg) was administered on a regular basis, and intravenous piritramide (0.1 mg/kg) was used for rescue analgesia when necessary. Patients were closely monitored during recovery and on the wards for any signs of adverse events. In addition, patients were visited twice daily by the pain service, which was composed of a trained pain nurse and an anesthesiologist. Pain therapy via TEC was adjusted individually according to patient demand. Pain scores for rest and dynamic pain were noted on a Visual Analogue Scale from 0 to 10 cm, with a score more than 3 mandating intervention. The complications of epidural therapy were noted and treated as required.
Statistical Analysis
Descriptive data are described using mean and SD or median and range, as appropriate.
Results
TEC Placement and Postoperative Care
Sixty patients were enrolled in the study, of whom 56 suffered from idiopathic scoliosis, 3 from neuromuscular disease, and 1 from Marfan syndrome. One patient was excluded because of missing data. Demographic data and information about spinal deformities are displayed in table 1.
None of the patients had undergone anterior spinal surgery previously, and all operations were performed by either of two surgeons (V.B. or U.L.). Inverted coronal and axial T2-weighted magnetic resonance images displaying an increased epidural space capacity on the convex side because of rotational shift of the dural sac and contents toward the concave side at the level of the apex vertebra. (C) Patient receiving a thoracic epidural catheter preoperatively. Access to the epidural space is ideally a paramedian approach at the level of the apex vertebra. The schematic illustration displays the position of the dural sac with its contents (*) and the necessary needle realignment toward the convex side for a paramedian approach in a scoliotic spine (E) compared with a straight approach in a normal spine (D). The greater width of the epidural space on the convex side because of the rotational dural sac shift to the concave side serves as a possible safety zone.
Choice of position (lateral or sitting) and conscious level (awake or anesthetized) of the patient was handled differently in the two centers and based on the anesthetists' preferences: 31 patients in one of the two centers had been fully anesthetized for catheter placement in a lateral position. The remaining patients in the other center were being sedated using oral midazolam (0.3 mg/kg up to a total of 7 mg) as premedication or received additional intravenous midazolam (0.5-2 mg) before catheter placement in a sitting position. TEC placement proved uneventful in 58 patients. In 1 patient, multiple attempts to site a TEC failed. The correlation between the radiographically determined apex vertebra and the clinically determined apex vertebra is displayed in figure 3 .
Adverse Effects and Complications
In one patient with a severe scoliosis and a preoperative Cobb angle of 124°, the TEC was placed intrapleurally, this being discovered by the surgeon when one lung ventilation was started. The catheter was removed, and the patient was excluded from our study, giving a final success rate of 96.6% for preoperative TEC placement. Five patients suffered from postoperative nausea and vomiting, and one patient (apex vertebra T8; catheter insertion T9) had a transient unilateral Horner syndrome that resolved when the epidural infusion was ceased. No patient developed a neurologic deficit, epidural hematoma, epidural abscess, or meningitis.
Efficacy of Postoperative Pain Therapy
In 57 patients, the catheter was used for postoperative pain therapy. The average duration of patient-controlled epidural analgesia was 5.4 Ϯ 1.4 days (range, 1-8 days). Nearly in all patients, pain scores remained within acceptable limits (Visual Analogue Scale Ͻ5) during TEC therapy (fig. 4) . Four patients (7%) needed rescue analgesia at least once. The median pain scores in the recovery room were less than 3. On day 2, the median (range) scores were 2 (0 -5) for pain at rest and 3 (0 -8) for dynamic pain. Scores for rest pain and dynamic pain decreased to 1 (0 -5) and 1 (0 -6), respectively, during the next 5 postoperative days ( fig. 4) . Patients experiencing higher scores were those with a rib resection and a lower level of TEC placement than the apex vertebra or the level of rib resection.
Discussion
Idiopathic scoliosis causes a distinctive intravertebral deformity of the spine. There is a shift of the dural sac and contents toward the concavity of the scoliosis, resulting in the epidural space being widest on the convex side in the periapical region. We previously used magnetic resonance imaging scans to investigate vertebral morphology in the scoliotic spine focusing on pedicle morphology.
14 As an incidental finding, the displacement of the dural sac toward the concave side that diminishes farther away from the apex vertebra producing symmetrical spaces at the level of the neutral vertebra was described.
14,15 It does not seem that this information has prompted consideration of the apex convexity as a suitable insertion site for an epidural catheter, despite it offering a potentially safe zone within the scoliotic spine. This led to the idea of percutaneous TEC placement at the level of the apex vertebra, where the epidural space was largest in volume. We believe that this is the first series to describe direct thoracic epidural catheterization at the apex vertebra level in a scoliotic segment of the spinal column.
Despite concerns about feasibility, 16, 17 we have shown that preoperative epidural catheter insertion can be performed without raising significant concerns and a high success rate of 96%, corresponding to that reported in the nonscoliotic spine. 18 Obstacles to TEC placement in the scoliotic spine are most often caused by the axial rotation of the vertebral bodies and angulation of the spinal processes. Using ultrasound in 11 scoliosis surgery patients, McLeod et al. 17 identified the Values are presented as mean Ϯ SD (range) or number. least rotated vertebra (the neutral vertebra) to facilitate epidural catheter insertion. This technique may produce higher rates of successful insertion, but it can result in ineffective analgesia in the upper segments of the instrumented spine.
The neutral vertebra appears to be located too caudal for adequate distribution of epidural solution across the entire segmental area required, particularly if only one TEC is used. If the tip of the epidural catheter is not located in the center of the scoliotic curve, two epidural catheters are necessary for adequate pain relief. 3 Blumenthal et al. state that the two catheters need to be inserted by the surgeon-one catheter from a cephalad entry point and the second from a caudal entry point. However, we believe that our technique provides the best possible access to the center of the scoliotic curve, and furthermore-with regard to the extra space produced by the shift of the dural sac-even preoperative insertion of a second epidural catheter by the anesthesiologist would be possible if considered necessary.
The intraoperative use of the epidural catheter is mostly limited by the surgeons' demand to perform intraoperative wake-up tests and direct postoperative neurologic testing. Whether the possible positive effects of continuous thoracic epidural analgesia such as earlier return of bowel function, cardiac protection, and catabolism pertain when the epidural catheter is not used intraoperatively is not fully clear. [1] [2] [3] [4] [5] [6] [7] [8] However, there is little doubt that epidural catheters provide superior analgesia and improved respiratory function postoperatively when compared with intravenous analgesia, which is highly desirable especially in this group of otherwise healthy patients where postoperative pain and respiratory function are the predominant problems. 4,13,19 -23 The success rate in this series was higher than we had anticipated, but there were some perioperative complications. In one patient, intrapleural misplacement of the epidural catheter occurred, and another patient suffered from a transient unilateral Horner syndrome. Intrapleural location is a known complication of thoracic epidural anesthesia that has been described before in patients with normal anatomy. 24, 25 Although potentially life threatening, no postoperative sequelae were observed in the existing case reports and in our patient. Whether preoperative placement of the TEC in patients with scoliotic spines per se bears a higher risk of pleural puncture compared with patients with normal anatomy cannot be answered. To date, there are no sufficient data available on pleural epidural catheter misplacements in patients with normal anatomy. At least, anterior scoliosis surgery with one-lung ventilation always allows visual inspection of the thoracic cavity for catheter misplacement.
Horner syndrome and neurologic complications such as hypoglossal or trigeminal nerve palsy are also recognized complications of both thoracic and lumbar epidural analgesia. 26 -28 Anatomic variations within the epidural space may lead to unpredictable spread of local anesthetic. 28 Similar alterations of the epidural space might be present after scoliosis surgery, although in this series, only one patient developed a neurologic deficit, so this does not seem to be a common problem in these patients, and it has furthermore not been reported before in patients undergoing scoliosis surgery who have received an epidural catheter.
Whether the wider "target zone" on the convex side of the spinal cord could also lead to catheter migration anteriorly resulting in an increased risk for anterior neurologic or isch- 
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emic injury seems-from our experience-unlikely; however, it cannot be fully answered until larger studies have been performed.
The majority of our patients suffered from idiopathic scoliosis. It might be worthwhile to investigate whether this approach could be generalized to patients with neuromuscular disorders. However, it has to be taken into account that many of the patients with neuromuscular diseases are severely mentally handicapped, and compliance in that group is generally low and communication hindered. Therefore, postoperative pain therapy with an epidural catheter in those patients is a demanding task and will require a well-organized and experienced pain service.
We have demonstrated that it is possible for an experienced anesthesiologist to insert a TEC preoperatively in patients routinely with severely scoliotic spines with a high degree of success and thus provide adequate postoperative analgesia with a single epidural catheter at the level of the apex vertebra.
It seems to be a feasible and useful technique; however, several precautions must be emphasized: It is essential to use a percutaneous paramedian insertion approach on the convex side of the scoliotic spine at the level of the apex vertebra taking into consideration the necessary needle realignment. In addition, information from anteroposterior and lateral radiography and magnetic resonance imaging should be obtained and thoroughly reviewed preoperatively. Even though the shift of the dural sac provides a wider target zone for catheter entry on the convex side, we suggest that only a highly experienced anesthesiologist should perform the technique described because of the increased level of difficulty and the associated possible risk of catheter misplacement. Furthermore, additional techniques that may enhance the safety of the new approach include the use of imaging technology such as radiographic guidance or ultrasound to assist placement of the catheter and to verify correct location of the catheter tip.
